Introduction

Elevation of serum IgG4 concentration and abundant IgG4-positive plasma cell infiltration of the pancreas are well known characteristic findings in autoimmune pancreatitis (AIP) (1-3). AIP is also well known to be associated with various types of extrapancreatic organ involvement, and increased numbers of IgG4 positive plasma cells have been revealed not only within the pancreaticobiliary system but also in other organs
. Therefore, a new concept of IgG4-related systemic disease has been proposed and AIP is sug-
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and Mikulicz's disease has also been suggested to be one feature of IgG4-related systemic disease (6, 7) . Recently, we reported some cases of tubulointerstitial nephritis (TIN) with high serum IgG4 (8, 9) . None of the patients had notable pancreatic lesions when the TIN developed, but their clinicopathological findings were quite similar to those in AIP. We supported the concept of IgG4-related systemic disease and suggested that TIN is also one feature of this condition and can develop irrespective of the presence of AIP. In this way, the concept of IgG4-related systemic disease is becoming popular, although the nomenclature varies ("IgG4-related systemic disease" (6, (8) (9) (10) , "IgG4-related disease (5) ", "IgG4-related sclerosing disease (1) ", "IgG4-related plasmocytic disease (7) ", "autoimmune multi-organ lymphoproliferative syndrome (11) " or "IgG4 positive plasma cell disease" (12) 
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as described previously in IgG4-related systemic disease (5) (6) (7) (8) (9) . (Table 1) Six of 7 patients showed some abnormal renal findings in the imaging studies. In the patient with retroperitoneal fibrosis associated with AIP (patient 2), right hydronephrosis was observed; it was improved with steroid therapy. In the patient with AIP and Mikulicz's disease (patient 3), multiple low-density areas in both kidneys were observed in the CT examination (Fig. 1A) . Gallium citrate scintigraphy showed gallium-67 accumulation in both kidneys, the lacrimal glands, and pulmonary hila, in addition to the pancreas and both salivary glands (Fig. 1B) , although the patient had normal urinalysis and normal renal function and had no swelling of lymph nodes or lacrimal glands on CT examination. Six months later, the swelling of the pancreas had diminished without therapy. The multiple low-density areas in both kidneys had also improved 9 months later, without therapy (Fig. 1C) .
2) Imaging studies
In all patients with TIN (patients 4 to 7), gallium citrate scintigraphy showed gallium-67 accumulation in both kidneys. Gallium-67 accumulation was also observed in the salivary glands in three patients although they had no salivary gland swelling. CT examination showed a tumor-like low-density mass in the left kidney of patient 5 ( Fig. 2A) , and diffuse kidney swelling in patient 7 (Fig. 2B) . These findings were improved by steroid therapy (Fig. 2C and 2D) (Fig. 3A, B) . In patient 6, three renal microscopic sections were obtained for light microscopic study. In all sections, the glomeruli showed only minor abnormalities. In two of the three sections, only a few cell infiltrations were observed in the renal interstitium, but marked cell infiltration composed of lymphocytes, plasma cells and a few eosinophils with fibrosis of the renal interstitium were observed in one section (Fig. 4A, B) (Fig. 5) . In all patients, immunohistochemistry revealed numerous IgG4-positive plasma cells that had infiltrated the renal interstitium (8, 9) . (1, 3, 5, (7) (8) (9) (10) (11) (14) (15) (16) . Although some of the present 7 patients did not have AIP, their conditions fulfilled these criteria and were compatible with IgG4-related systemic disease (1, 8, 9) 
3) Renal pathology
Percutaneous renal needle biopsies were conducted in three patients (patients 4, 6, and 7). In two patients (patients 4 and 7), light microscopic examination showed diffuse renal interstitial infiltration of lymphocytes and plasma cells, with fibrosis, tubular atrophy, and infiltration of a few eosinophils
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Discussion
Although the name and definition of the disease have not been established, the concept of IgG4-related systemic disease has been recognized recently (1, 2, 4-12). AIP is a representative condition of IgG4-related systemic disease, and Mikulicz's disease, chronic sclerosing sialadenitis and TIN with serum IgG4 elevation are suggested to belong to the same disease spectrum. Although there are many common features in patients with IgG4-related systemic disease (predominance in middle-aged to elderly men, hypergammaglobulinemia, negativity for anti SS-A and anti SS-B antibodies, and sometimes hypocomplementemia and eosinophilia), the significant common features are as follows: 1) elevated serum IgG4 level; 2) abundant infiltration of affected organs by IgG4-positive plasma cells; and 3) marked improvement with corticosteroid therapy
. In the 7 patients with IgG4-related systemic disease, three patterns of renal involvement were observed: 1) extraparenchymal involvement such as hydronephrosis associated with retroperitoneal lesions; 2) diffuse tubulointerstitial nephritis; and 3) renal lesions composed of focal lymphoplasmacytic infiltration of the renal interstitium.
Hydronephrosis associated with retroperitoneal fibrosis in patients with AIP was first described in 2002 (17) (12) . However, immune complexes in the tubular basement membranes are sometimes observed in interstitial nephritis caused by other mechanisms (28) , and the results of electron microscopy and immunostaining of the renal tubular basement membrane for IgG4 in patients with IgG4-related systemic disease are variable (8) (9) (10) (18) (19) (20) (21) . Concerning the glomerular lesions, minor or mild abnormalities are dominant (8, 9, (18) (19) (20) (21) , however, membranous nephropathy has been described in two patients with AIP (10, 18) . In the present patients with TIN, immune deposits were not evident in the glomeruli or tubular basement membrane. IgG4 staining was observed only in the infiltrating plasma cells, and was not evident within the tubular basement membrane (8, 9) 
